Energy-dense diets offer a low-cost dietary option to the consumer. However, they are more likely to be nutrient-poor. In this study, based on the French national food consumption survey, the diet costs were estimated using retail food prices in France. Adult participants were stratified by quartiles of energy cost (in h/10 MJ). Dietary energy density, energy and nutrient intakes were then compared across groups. Participants in the lowest quartile of energy cost had the highest energy intakes, the most energy-dense diets and the lowest daily intakes of key vitamins and micronutrients. Participants in the highest quartile of energy cost had lower energy intakes, and diets that were higher in nutrients and lower in energy density. However, their daily diet costs were 165% higher. In this observational study, the more nutrient-dense diets were associated with higher diet costs.
Introduction
High energy density diets have been associated with higher rates of heart disease, obesity and type II diabetes (WHO, 2003) . The World Health Organization has recommended reducing dietary energy density as a way of stemming out the global obesity epidemic (WHO, 2003) . However, recent studies have shown that energy-dense diets are an inexpensive source of dietary energy for the consumer . The question remains whether the more nutrient-dense diets, associated with a lower energy density, are likely to cost more. Examining the costs of nutrientdense diets may help explain the observed socioeconomic inequalities in dietary intakes. Micronutrient intakes are consistently lower among populations of low socioeconomic status (James et al., 1997) .
Methods
Estimation of diet costs was based on the 1998 dietary survey conducted by the French Agency for Food Safety (Volatier, 2000) and on mean 1997 food retail prices in France. A sample of 1985 French adults aged X15 years, made nationally representative according to sociodemographic factors by the quota method of sampling, completed 7-day diet records, aided by a photographic manual of portion sizes. After excluding under-reporters, dietary data for 1474 participants (672 men; 802 women) were available for analysis. Alcoholic beverages, tea, coffee and drinking water were excluded. Calculations of energy density and nutrient content were based on the national nutrient database for 895 foods (Favier et al., 1995) . Energy density of the diet (MJ/kg) was calculated by dividing energy intakes by the total edible weight of foods and caloric beverages. Mean national retail prices for 760 foods in the database were obtained from marketing research (SECODIP); other prices were obtained from the French National Institute of Statistics (INSEE) and from supermarket websites. Weekly diet costs were calculated by multiplying the weight of each food item by its unit cost, adjusting for preparation and waste, and summing overall foods consumed over the 7-day period. Energy cost per 10 MJ was calculated by dividing the estimated weekly cost (h/week) by the weekly energy intake (MJ/week) and multiplying by 10.
Results
Participants were stratified by quartiles of energy cost (in h/ 10MJ). Dietary energy density and daily energy and vitamin intakes were then compared across the four groups, using one-way analysis of variance. Participants in the highest quartile of energy cost (EC4) were older (48.3 (17. 3) years in EC4 vs 36.3 (16.5) years in EC1) and were more likely to be women (59.1% of women in EC4 vs 49.2% in EC1). Age and gender were therefore introduced as covariates to obtain adjusted means. As shown in Table 1 , participants in the lowest quartile of energy cost (EC1) had highest dietary energy density, highest energy intakes and lowest daily intakes of vitamins C, D, and E, b-carotene, folates and iron. In contrast, participants in the highest quartile of energy cost (EC4) had lower energy density diets and consumed less energy, but had higher daily intakes of vitamin C (147%), vitamin D (128%), vitamin E (114%), b-carotene (123%), folates (122%) and iron (108%) as compared to the bottom quartile. The absolute intakes of fibres and calcium did not vary across groups. Participants in the top quartile of energy costs had more nutrient-dense diets, but they pay 165 % more than those in the bottom quartile to get 10% less energy.
Discussion
When food selection is driven by cost considerations alone, the resulting diets are invariably energy-dense and nutrientpoor (Darmon et al., 2002 (Darmon et al., , 2003 . This was the conclusion of diet-modeling studies, based on linear programming (Darmon et al., 2003) . The present study is the first epidemiological demonstration that the freely chosen lower-cost diets tend to be energy-dense but nutrient-poor. In contrast, the more nutrient-dense diets cost more.
There are few observational studies on the relationship between diet quality and diet cost. Some have shown that diets based on grains, sweets and fats are more affordable than diets based on lean meats, fish or fresh produce (Cade et al., 1999; Drewnowski et al., 2004) . Fruit, vegetables, meat and fish contribute more to diet cost than to dietary energy, whereas grain, fats and sweets contribute more to dietary energy than to diet cost. Dairy products occupy an intermediate position, as their contribution to total diet cost is equivalent to their contribution to total energy intake . However, vegetables and fruit have a more favorable nutrients to energy ratio, contributing more nutrients in relation to the energy they provide .
In epidemiological studies, higher energy intakes are generally associated with higher nutrient intakes (Willett and Stampfer, 1986) . Not so in the present study, where participants were stratified by their diet energy costs (per 10MJ). The highest energy intakes were now associated with the lowest consumption of key nutrients. Higher energy intakes have also been associated with higher energy density of the diet in both epidemiological and clinical research (Poppitt and Prentice, 1996; Marti-Henneberg et al., 1999) . In this study, the lower-cost diets were the most energy dense and contained the least key nutrients. The relationship between nutrient content and diet cost held for most nutrients, with the exception of calcium and fibre.
The strong direct association between antioxidant vitamins and higher energy costs may be explained in part by the price of vegetables and fruit, the main sources of antioxidants. On the other hand, the absence of relationship between dietary fibre and energy cost is probably due to the fact that fibre is supplied not only by vegetables and fruit but also by very inexpensive cereals. Similarly, the strong association between vitamin D and energy costs can be explained by the price of fish, an important source for this vitamin in France. On the other hand, calcium is provided by a variety of foods at all price ranges, from milk and dairy 6 (11.3-12.0) 12.3 (11.9-12.6) 12.4 (12.0-12.8) 12.5 (12.1-12.8) 0.0070* Means were adjusted for age and gender. In parenthesis: 95% confidence interval. *Indicates that the P-value for a linear trend was o0.01.
Energy cost and nutrient intakes E Andrieu et al products to vegetables and fruit. There was no association between the calcium content of diets and their energy costs.
In conclusion, lower energy costs (h/10MJ) were associated with higher dietary energy density, higher energy intakes, and lower nutrient intakes. In contrast, the more costly diets were also more likely to be nutrient dense. The present data are consistent with the findings that diets of the lower socioeconomic groups contain less micronutrients (James et al., 1997) . This was particularly noticeable for vitamin C, b-carotene and folate (Roos et al., 1996; Leather and Dowler, 1997; Stallone et al., 1997) , nutrients found in abundance in vegetables and fruit. The lower cost of energy-dense diets may help explain why the rates of obesity (Molarius et al., 2000) and chronic diseases (Kunst et al., 1998) are so strongly linked with socioeconomic status.
Promoting the consumption of affordable foods that are nutrient dense but low in energy content may help to reduce obesity rates among the less affluent groups. However, such diets often include carrots, cabbage, dried fruits and legumes, powdered milk, nuts, canned fish, liver and offal (Darmon et al., 2006) . Achieving nutrient adequacy at a moderate cost is a challenge when the consumers are unwilling to depart from the usual eating habits or resist foods that may be perceived as unpalatable or unfamiliar. Furthermore, the minimum budget for a nutritionally adequate diet seems to surpass the current food budget of the poorest households (Darmon et al., 2006) . If healthier diets cost more, then ensuring equal access to healthy foods by all segments of the population remains a major challenge in public health.
